Introduction
Agroforestry and community forestry are important in sustaining livelihoods in rural Nepal. In the last two decades, agroforestry and community forestry programs and policies have given more emphasis to socio-economic diversity of rural Nepali society. With the ongoing social and economic changes in rural economies brought about largely by labour outmigration and remittances (Central Bureau of Statistics 2011a , 2011b Tamang et al. 2014) , it is now imperative to examine whether household classifications being used in agroforestry and community forestry projects are still relevant. If not, is there a novel classification system that might be more appropriate to achieve more inclusive and equitable development outcomes? This paper addresses this question by deriving a household typology in Nepal's mid-hills and then examining key household characteristics.
Many development programs in Nepal continue to classify households based on caste and ethnicity. Bennett et al. (2008) noted that the Shah rulers used the caste hierarchy in the seventeenth century as way of organising and consolidating a diverse population into a nation state. The 2011 Census of Population in Nepal reported 125 caste and ethnic groups (Central Bureau of Statistics 2011a). Pradhan and Shrestha (2005) suggested that one of the most common ways of classifying these groups is to cluster them in three major overlapping divisions: (i) the hierarchical caste structured groups (jats) and the egalitarian ethnic groups (Janjatis); (ii) the high caste or the ritually 'pure' castes and the low, ritually 'impure untouchable' castes (Dalits); and (iii) Pahadis and Madhesis. Bennett et al. (2008) developed seven major caste/ethnic groups namely: (1) Brahmin/Chhetri, (2) Tarai/Madhesi, (3) Dalits, (4) Newar, (5) Janajati, (6) Muslim and (7) other. Each group has further subdivisions based on geographic location, that is Hill or Tarai.
Natural resource management programs in many developing countries including Nepal have used wealth ranking in their program design and implementation (Scoones 1995; Department of Forests 2014; Hariyo Ban Program undated) . Community forestry programs in particular allocate resources to forest users groups based on self-rated wellbeing ranks-well-off, middle income, or poor (Department of Forests 2014; Hariyo Ban Program undated). With poverty alleviation and inclusion a main goal in community forestry in the last decade (Dressler et al. 2015) , wellbeing ranking is central to community forestry planning and natural resource management (Hariyo Ban Program undated). Neupane et al. (2002) , Gilmour et al. (2014) and Pandit et al. (2014) reported some use of wellbeing ranking in agroforestry programs.
The caste/ethnicity-based and wealth-rank based household classifications can be simple and straightforward but have raised concerns for projects that aim to be inclusive and equitable. There is some doubt about caste/ethnicitybased household classification as some caste/ethnic groups that are generally known to have been 'poor' may already be otherwise (and vice versa) due to socio-economic diversification. Wealth ranking, particularly participatory wellbeing ranking has also created inequitable distribution of community forest resources because rich households tend to underrate their wellbeing rank so as to benefit from subsidised timber prices for poorer households (Dhakal & Masuda 2009) .
Another approach to household classification is to derive a household typology based on a number of household characteristics obtained primarily from household surveys. A household typology is defined as the summation of the characteristics of households wherein the summary is underpinned by the detailed information about these characteristics and the analysis of the relationship between them (Emtage et al. 2007a) . Landholder or household typologies have been employed in developing natural resource management programs (Emtage et al. 2007b; Emtage & Herbohn 2012) , forestry extension (Vanclay 2005) , poverty alleviation programs (Agudelo et al. 2003) programs (Maltsoglou & Taniguchi 2004) and agricultural policy (Briggeman et al. 2007; Bidogeza et al. 2009 ). Emtage et al. (2007b) provide an extensive list of authors who adopted household typologies to improve development programs in agriculture and forestry in the pre and early 2000s. As nearly 83% of Nepal's population is rural (Central Bureau of Statistics 2011a), land and other farming assets are strong determinants for households' socio-economic wellbeing. In addition, remittances from family members working abroad and the non-farm economic sector have a strong influence on the economy of most households (Tamang et al. 2014) . This paper addresses the following questions:
• Is it possible to generate a meaningful household typology based on farming and non-farming livelihood characteristics, and how does the household typology differ from household classification based on caste/ ethnicity or wellbeing ranking?
• What are the key defining criteria for a household typology?
• What insights can researchers and policy-makers learn from a typology to advance the role of agroforestry and community forestry in rural development and sustainable natural resource management?
Method
This work was undertaken in the context of a five-year research project to enhance livelihoods and food security through agroforestry and community forestry in Nepal (EnLiFT Project, http://enlift.forestaction.org/) funded by the Australian Centre of International Agricultural Research (ACIAR). It draws on data from a quantitative baseline survey (EnLiFT Project 2014) conducted in 2013-2014 in six sites in the mid-hills districts of Kavre and Lamjung (Fig. 1) . The survey sought household-level information on the themes household demographics, farming system, agroforestry, community forestry and under-utilised land. Table 1 summarises the questions covered in the baseline survey. Six hundred and sixty-eight households randomly selected from the listings of households of the village development committees of the six sites participated in the survey. The survey sample represents 0.54% of the population of the two districts. The survey data were collated and analysed in SPSS (SPSS 21 2012).
The household typology was derived using cluster analysis-a multivariate technique that classifies a sample of subjects using sets of measured variables into a number of different groups such that similar subjects are placed in the group (Everitt et al. 2010) . The variables used for classifying the sample households were determined from consultation with agroforestry and community forestry experts in Nepal. This includes caste/ethnicity, whether or not the household has a member working abroad, annual household income, landholding, under-utilised land holding (land abandoned from cultivation for more than one year), livestock holding, labour force (≥15 years old) and relative tree density (trees per hectare). The number of livestock by type in each household was standardised to livestock units. The livestock unit was derived using the following conversion: Buffalo = 1 (Oli et al. 2015) , adult cow or ox = 0.7, adult goat = 0.10, adult pig = 0.2 (Otte & Chilonda 2002) , calf = 0.12 (assuming a weight of 15 kg, FAO 1999). The caste/ethnicity grouping of the baseline survey respondents was derived following the major caste/ethnic groups proposed by Bennett et al. (2008) Chhetri are the upper castes, Janajatis are the hill tribes including Newar, while Dalits are the lower caste.
In the first iteration of cluster analysis, missing data for the above variables were replaced with zeros except for total household income. In the second iteration all the above variables were used in clustering, but analysis of means reveals that there is little variation in highest educational level attained by households. Additionally, the economic wellbeing classes, derived from total household income, had a weaker effect on clustering than total household income. Therefore, the variable 'wellbeing classes' was deleted to improve the clustering result. The third and final iteration of cluster used all variables in Table 1 as inputs for clustering. The clustering technique standardised input data to the Z-scores of scale variables (see previous paragraph). The authors interviewed key informants and villagers to ground-truth the common sense of the household typology.
To test the common sense of the household typology, the authors examined the report created for cluster analysis by SPSS to determine the relative importance of the each variable used in the cluster analysis. Average values of the variables used in the cluster were derived for the household typology and household grouping by caste/ethnicity and wellbeing rank to examine whether there was an advantage of the typology over contemporary household classification. The livelihood activities, agroforestry practices, community forestry engagement and state of land under-utilisation by household types were then analysed. The survey sought ratings for the ease of access to wood products, fuelwood and grasses and litter. The rating was 1-5, a rating of 1 being strongly disagree, 3 moderately agree and 5 strongly agree; averages were calculated for each household type. Measures of central tendency (mean, median), frequencies and relative frequencies of respondents were calculated for key socioeconomics variables, agroforestry practice, community forestry engagement, and status of land under-utilisation of household types.
Results

Criteria of the household typology
The cluster analysis determined the importance levels of the predictor variables in deriving the household typology. It was found that caste/ethnicity class was the strongest predictor with a predictor importance of 1 (Fig. 2) . The second strongest predictor was status of the household of having a family member working overseas (foreign employment [yes, no] ) with a predictor importance of 0.43 while land holding has predictor importance of 0.21. Other input variables, including under-utilised land holding, household income, livestock holdings, tree density and labour force showed low predictor rating in the cluster analysis, but these are important in refining differentiation of household types.
A typology was derived using only the top three predictors -caste/ethnicity, status of foreign employment, and landholdings-to test whether a realistic typology could be derived. This achieved the same number of clusters but inspection of the socio-economic profile of each cluster revealed that the clusters were less homogenous than those from the typology derived from broader socio-economic variables. This suggested that only when household characteristics like income, number of labour force, tree and livestock holdings were included in the cluster analysis that meaningful typology is achieved.
Typology of mid-hills households
The cluster analysis derived six household types from 521 sample households. These types are:
• An important feature of the typology is the dichotomy of castes in rural Nepal, that is resource-rich and resource-poor households across caste groups. This is expressed clearly in terms of the annual household income where households in the poor groups (Types 1 and 2) have only half the annual income of their richer counterparts (Type 3 and 4) ( Table 3) . Most of the Dalit households formed a distinct group (Type 6) although a small number which have higher income and landholdings had been classified as Type 3.
The distribution of households varied across household types with the resource-rich Brahmin/Chhetri being the largest group (Type 4, 24%) followed by resource rich Janajati (Type 5, 23%), then resource-poor Janajati (Type 2, 18%), followed by resource-poor Brahmin/Chhetri (Type 1, 17%), Dalit (Type 6, 14%) and the smallest group was the resourcerich mixed-caste group (Type 3, 3%). Type 3 has extremely high landholding and livestock holding but their annual income is around the average. This group can be easily construed as outliers but further discussion with key informants and villagers reveals that this particular group are generally the 'elite' who play crucial roles in development and natural resource management programs.
All household types except Type 3 exist in all research sites although the distribution varies, indicating intrinsic social differentiation or ethnic diversity (or homogeneity) of a particular site. In addition, some sites exhibit dominance of a particular caste/ethnicity group. For example, Site 6 has a high frequency of Types 2 and 5 indicating the relative dominance of Janajati households. Other household types are also present at Site 6 although at low numbers. Another example is Site 5 where there is a high frequency of Types 1, 4 and 6 indicating that this is a Brahmin/Chhetri-dominated community. All other sites have more or less balanced distribution of at least four household types.
Advantage of the household typology over contemporary household classification
Comparison of key livelihood characteristics of household typology found that it is superior to caste/ethnicity-based and wellbeing rank-based household classifications. The key advantage of the typology is it is better for deriving homogenous household groupings. Type 1 (resource-poor Brahmin/Chhetri) and Type 2 (resource-poor Janajati) are groups distinct from their resource-rich counterparts due to their lack of foreign employment, low annual income, lower landholdings, and lower under-utilised land holdings (Table 1) . These household types could otherwise be generalised as middle income and well-off households had caste/ ethnicity been the basis for household classification. The self-rated wellbeing ranking and caste/ethnicity classifications underestimated the proportion of the poor in a community. The survey estimated that about 25% and 26% identified as poor households for wellbeing ranking and caste/ethnicity respectively whereas the typology estimated that about half of households are poor (Table 2) for each. Table 2 shows the power of including 'household foreign employment status' in household grouping where the difference between resource-poor and resource-rich Brahmin/ Chhetri and Janajati is largely brought about by foreign employment. Additionally, Table 2 shows that typology without foreign workers have generally lower income than other groups. Conversely, the caste/ethnicity and self-rated hardly show the relationship of foreign employment to household economic because the proportions of households with foreign employment are around the median.
Livelihood activities
Pluriactivity
While many know that Nepal is an agricultural country, farming is never the sole occupation of rural people. As far as understanding the diversity of farming households in Nepal, it is also important to know the extent of pluriactivity in rural households. In simplest terms, pluriactivity is defined as combining agricultural activity with other economic activities (Fuller 1990) including farm-related enterprises and off-farm related activities. Figure 3 shows that most (67%) households have other livelihood activities in addition to farming while a small proportion of households (5%) are not engaged in farming. Notably, nearly half the poorer households (Types 1 and 2) and a third of the Dalits (Type 6) are engaged in farming as their sole occupation while less than 10% of the richer households (Type 4 and Type 5) are engaged solely in farming. Based on multiple response (n = 351) data, the other occupations of pluriactive farmers include government and non-government jobs (69%), national/foreign employment (33%), running own business (22%) and 3% in service or skilled jobs. From field observations by the authors, pluriactive farmers are more advanced in farming practices compared with non-pluriactive.
The average and median annual household income of all respondents is NRs 178 986 1 and NRs 120 000 respectively, which is lower than the average national income for 2010-2011 of NRs 202 274 however; the median income is comparable to the national median of NRs 127 281 (Central Bureau of Statistics 2011b). This income comes from wages (agriculture and non-agriculture), net income from businesses including net income from agroforestry, wines sales, hotel/tourism income and remittances. Four household types (Type 1, Type 2, Type 3 and Type 6) comprising nearly half (52%) of the respondents have income below the national average.
Agroforestry practices
While the mid-Nepal hills area is composed of a mosaic of agroforestry, the scale of tree-crop integration and the agroforestry system practices are quite diverse among households in a given village. Type 3 households have the highest tree holdings (665) while Dalit ones have the lowest tree holdings (21) and the rest of the households have tree holdings ranging from 61 to 157 (Table 2) . Most of the households surveyed have trees located on terrace risers. Type 6 (Dalit households) have the highest proportion of trees (58%) on terrace risers while most (59%) Type 3 households have a combination of terrace riser trees and woodlots (Table 3) . Analysis of respondents' perception of the benefits of agroforestry revealed no differentiation between household types. Provision of fodder was reported by most (56%), followed by supply of timber and firewood (25%), convenience of not going to forest to collect fodder/litter (14%), general increase of income (13%) and soil protection (12%). All households raise livestock, with about 97% having an average livestock holding of between 2.48-2.99 livestock units but Type 3 having 13.89 livestock units.
Community forestry benefits, collective engagement and perception on community forestry leadership
The survey data revealed that generally respondents moderately to strongly agree that access to forest products is easy. The resource-rich mixed-caste group gave higher ratings for easy access to wood products, fuelwood and grass/leaf litter ( Table 4 ). The Dalit group provided the lowest rating for easy access to these resources indicating that the existing governance system does not provide equitable access to these resources. Table 4 shows that the Janajati household groups have the lowest proportion of respondents who are familiar with community forestry policy (33-34%) whereas the resource-rich Brahmin/Chhetri have the highest proportion of respondents who are familiar with community forestry policy. Lastly, contrary to the knowledge earlier noted about Type 3 being the elite group, this group has the lowest (53%) participation in formulating local community forestry policies (Table 4) .
Status of land under-utilisation
Abandonment or under-utilisation of agricultural land is now a common agrarian phenomenon in Nepal due to changing socio-economic conditions in rural areas. Analysis of the survey data showed that 38% of survey respondents have under-utilised land where the median proportion of areas of under-utilised land to total landholdings ranges from 16 to 34% (Table 5 ). More than three quarters of the resource-rich mixed caste households have under-utilised land while Dalit households have the lowest proportion of respondents with under-utilised land. In terms of proportion of under-utilisation of land, Dalit households were found to have the highest proportion yet they have the lowest area of total landholdings. Conversely, the resource-rich mixed caste has shown the lowest proportion of 16% yet this group has the largest area of under-utilised land, the maximum area reported being 3.41 ha. The average area of under-utilised land was calculated for three land types, Khet, Bari and Kharbari (Fig. 4) . It is to be noted the average values in Figure 4 are higher than the average under-utilised land reported in Table 1 because missing values for respondents who had not reported under-utilised lands were not included in the calculations of average under-utilised lands by land type as shown in Figure 4 . It was found that among land types, Khet or irrigated land was the largest area of under-utilised for all households except resource-rich Brahmin/Chhetri (Fig. 4) and that the average under-utilised khet land was 0.29 ha to 0.61 hectares. The resource-rich mixed caste has the largest under-utilised khet while Dalit the lowest. The resource-rich mix caste had the largest under-utilised bari land with an average of 0.41 ha while the resource-rich Brahmin/Chhetri had the largest underutilised Kharbari land. The main reasons for land being under-utilised are lack of labour for farming, wage costs, Table 4 . Respondents' rating on easy access to wood products, fuel wood and grass and leaf litter, relative frequency (%) of respondents who are aware of community forestry (CF) policy and relative frequency (%) of respondents who participated in policy making
Household type
Average rating on ease of access to wood products (1-strongly disagree, 5-strongly agree)
Average rating on ease of access to fuelwood (1-strongly disagree, 5-strongly agree)
Average rating on ease of access to grass and litter (1-strongly disagree, 5-strongly agree)
Relative frequency of respondent's awareness of community forestry policy (%) unsuitability of land for cultivation and low land productivity. These reasons are common to all household types with more households from Type 3, Type 4 and Type 5 experience these problems.
Discussion
Understanding of the socio-economic diversity of farmers is important to bring about innovations and practices that are relevant to their needs. This paper identified six household types based on socio-economic variables, namely: Type 1-resource poor Brahmin/Chhetri; Type 2-resource poor Janajati; Type 3-resource rich mixed-caste households; Type 4-resource rich Brahmin/Chhetri; Type 5-resource rich Janajati; and Type 6-resource poor Dalit households. The strongest determinants of household type were caste/ ethnicity class, the status of the household of having a family member working overseas, and land holdings. The analysis showed that the household typology is potentially more useful than the typically-used caste/ethnicity and wellbeing ranking used in many rural development projects in Nepal. The typology has estimated that over half of rural households are poor, based on annual income. From the sample sample of households, the caste/ethnicity based classification and wellbeing ranking estimated the proportion of poor households to be about about a quarter, which is a gross underestimate. This implies that a household classification based on a number of household characteristics-as in this typology-should be used to ensure that a robust household grouping is achieved so that projects for poverty alleviation and inclusion can be carefully targeted.
The analysis of agroforestry systems by household type revealed that some household types practice a particular agroforestry system. Resource-rich households Types 3, 4 and 5 generally have terrace-based agroforestry and woodlots while majority of resource poor household types (Types 1, 2 and 6) are practising terraced-based systems only. Considering that trees are the main source of fodder for livestock, improving fodder productivity of the terrace-based system of the poorer households is an important agroforestry development opportunity. Conversely, given the high treeholdings in richer households (Type 3 and Type 4) and the favourable market condition for privately-grown trees, these groups are highly likely to invest in expanding high density timber-based agroforestry. However, silviculture research is needed to provide landholder sound timber management advice. As more male household members go overseas for employment, agriculture in Nepal rural areas is becoming increasingly feminised. There is therefore a need to develop silviculture technologies that are responsive and sensitive to women's needs and capacity.
Community forestry has a strong emphasis on helping out the poor members of a forest user group by providing subsidies on timber purchased from community forests and generous allocation of community forestry resources such as timber, fuelwood, grass and forest litter, and cash. The typology has revealed that the wellbeing ranking being promulgated in the preparation of community forestry operation plans (Department of Forests 2014; Hariyo Ban Program undated) potentially underestimates the number of poor households, and therefore a considerable number of them are missing the benefits from community forestry. The majority of households with easy access to community forestry resources in Hariyo Ban indicated that many households are not satisfied with the material provisions from community forests. This could be a result of poor household ranking. The Hariyo Ban Project (undated) advocated the use of the following criteria for participatory wellbeing ranking: land holdings and other property, availability of food grains, education level of family members, family size, income from employment and remittance, social status within the community (caste system), and vulnerability to climate hazards. This study suggests that the three household attributes-social status, household status through remittance and landholding can make wellbeing ranking easier yet more powerful in revealing homogenous household groups.
Land is an important resource to a rural household in Nepal and an important economic and social status symbol, but the agrarian sector is changing with increasing underutilisation of agricultural land in recent years so that about two-fifths of households in villages have under-utilised land. This study found a high frequency of richer households having under-utilised land. Conversely, the study found that the Dalit group, who had the lowest landholding area, also had the highest proportion of under-utilised land. The high proportion of under-utilised land among Dalits is probably due to overseas employment. The fact that Dalits are the major supplier of agriculture labour in many rural villages has repercussions on land under-utilisation among other groups. The exodus of agriculture workers from villages causes labour scarcity and wage rises. Moreover, maintaining or improving the productivity of agricultural land has a greater role to play in achieving food security than it has in the past. Given that labour scarcity is the major driver for land under-utilisation, establishing high density and diversified timber-based agroforestry could be a solution, for example, intercropping of high-value crops under fast-growing and commercially-valuable timber could be a solution.
Conclusion
Socio-economic diversity can help to bring about innovative development in agroforestry practice. Using a household survey data, a typology of households in the mid-Nepal hills based on farming and non-farming characteristics was derived. Caste/ethnicity or social status, household status with respect to foreign employment and landholding are key predictors for household segmentation. This study suggests that households' wellbeing ranking currently used in community forestry and other related programs could be improved by rigorously using these three indicators in participatory wellbeing ranking exercises. This paper argues that the typology is more powerful than the existing household classification system by being able to derive household groupings with more homogenous household characteristics. The typology has revealed important insights for agroforestry and community forestry programs particularly in achieving inclusive and equitable projects. While agroforestry and community forestry has been attentive to the dichotomous segmentation of rural household into rich and poor, this study suggests revisions of the existing wellbeing ranking approaches using these socio-economic variables has the potential to allow better targeting of agroforestry and community forestry programs to improve food security and poverty alleviation and allow for a more inclusive and equitable agroforestry and community forestry outcomes.
